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. . . . ..COmMTION OF WIND-TUtiL mDICTIONS W17H FLIGHT TEsT5..

OF A TWIN-ENGINEPATROL AIRPLANE. I - LO~GITUDINAb,.
.“

ST4iBILIT.YAND -COhTROLCH&RkCTZRISTICS

By Noel K. Delany and William M, Kaufi’man

#
SUMMARY “..”

. . .
The lorlgitudlnal-st~.bllltyand -control characteristics

of “atwin-engthe patrol airplane as ~?redlctedfrom the
results of wind-tunnel tests-of a powered model and as
measured In flight are compared in this report. The accuracy
of th”e wind-tunnel predictions and the reasons for dis-
crepancies are analyzed”and dlscus~cd.

. .

. .. .

..-

The pred~ctlbns from whd-tunilel-test data were in good
agreement with flight-test results: The results show timt
such predicted flylng-qualltles characteri.stlcsare suffi-
ciently accurate to Indicate “theunsatisfactory longltudinal-
stqbllity and -control charactorist~cs of airplanes in the
prellmln~y destgn stage. The wind-tunnel data may be used
to dejhpa the ck~ef reasons for the~e”unsatisfactory charac-
teristics and to indicate.possible “:=thodso:.improvment.

.-.
!l!heaerodynamic..longltudlnel-stabtlttydertvtitlvesas

est~ted from $’llght-testdata an~ as masured h the wind
tunnel ware; In genergil,h good agrwmiont. The differences
wh:ch”occurred”could be attributed ~~tlally to small
physical dissimiladltlee betwacn the model &d the airplane
and to inaccuracies lhv~lve”dIn estimating the flight thrust
coefflci.entsfor uee,l~,matching power conditions... . ... .“ . .
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INTRODUCTION

During the past several years the flying qualitles of
various airplanes have been estimated from the results of
wind-tunnel tests made while the airplane was in the design
stage. These predicted flying qualities have been used to
determine compliance with the critical stability and control
requirements. Basic changes to the airplane, necessary for
correotioilof unsatisfactory charactcrlst~.cs,have been
determined from these data. No comprehensive study of the
accuracy of such methods of predictions has been made in the
past, and It was considered desirable to compare In a detailed
manner the predicted flying quallties with those measured in
flight. Such a comparison should lead to a better under-
standing of the accuracy of the predictions and control
characteristics, as well as to improvements In tests and
methods which will result In more accu.retcestimates in the
future.

As a part of this correlation progranl flight tests were
made to determine the flying auallties of a twin-engine air-
plane for the purpose of comparison with the results of tests
of a l/~scale powered model in the Ames 7- by 10-foot wind.
tunnel (reference 1). Comparison of the test airplane with
the wind-tunnel model indicated that the airfoil section of
the model horizontal tail surface difi’credconsiderably from
that on the actual airplane. Hence, the wind-tunnel-test
results presented in reference 1 were not considered suitable
for comparison with the flight-test results, and repeat tests
were made with the ~odel altered to correspond to the airplane.
The predictions presented herein were computed from the results
of these letter tests.

The longitudinal-stability and -control characteristics
which are usually predicted from tho wind-tunnel-stability
and -control test data are static longitudinal stabillty,
elevator control in maneuvering flight, and elevator control
in landing. The recmlts presented are confined to these
charaoterlstics, as they are critical in design work and are
the longitudinal characteristics.most suitable for comparison
with flight-test data. The correlation of the lateral- and
directional-stability and -control characteristics will be
presented In a future report.

The stability and control c.haractcristicsas determined
In flight and as predicted from the results of wind-tunnel
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with f’1~ht-test results tn tho .~armnornally.used in-t.li~ht
rqmrts ?n.irspceds,aantr~l fm%os, and elevator angles)c
Ccm.p&risonsaf this type Indicate the degree to whloh the
handling charaotertstics can 5G predl.oted,but dg not rcntily
show the rc.asms fbr d$sorepcuicl.csa Wmcc, date.in coQf-
ficiont fm’n are derived ~rcm the”static-longitudinal-
stability fllght tests and cnnpared In thts fcnm with t~o bcslc
wiad-tunnel data. ~ this nothod tho-reasons for any discgroc-
nent In tho results can bo tlotcrnlnodin terxM af basio aor~-
dynanlo coefflclents cnd derlvc.tives.

,— - .- ---- .—. . .. . -.
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rpol~oxlmtely that
be:~~eentab angle,
E.ngleare shown In

recommended In reference 2. The relations
tab cockpit-indicator setting, and t3hVatOr.
figure 9.

DESCRIPTIONOF THE MODEL

The l/>scale model of the.air~lane (flg. 10) was the
same model as used in reference 1 with the exception of the
horizontal tail. The ordinates of tho airfoil sections of the
stabilizer and elevator were deterniinedon the airplane at
fcur stations. The contour of the model tail was then modified
to correspond to the full-scale horizontal tall. The major
differences between the model and the full-scale airplane were
the lack of tabs On the model control surfaces ~.ndthe method
of fastening the elevntor flap to tho tail. On the airplane
the elevator flap had a piano hinge; on the model It was
ettached to the elevators for up deflections, and to the tail
cone for down dcflectims. There was a small gap between the
Etablll.zerand elevator flap for up deflection of the elevators
to eliminate frlctlon effects in the measurement of the
elevator hinge moments. The hinge ~oments were measured by
moan’sof resistance-type strain gages on the elevators.
Power was supplied by two electric notors which drove two
three-blade right-hand-rotation l/>sco.lc propellers. Tho
propeller-blade angle (30° at the 0.75 radius seotion) was
solcctcd as a good compromise between the high-and low-speed
powci~on flight conditions.

SYXSOL3

Definitions of abbreviations
report arc cs follows:

and symbols used In this

K.AOC. wing mean aerodynamic chord, feet

vi correct indicated airspeed, miles per hour

8C elevator angle, degrees (measured between elevator
and stabilizer chord lines)

8T ‘. total elevator-tab angle, degrees (sum of trim
and boost angles)

— —. —.- .— . .—-- . . ..- —.-.—
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~t “ ““ elevator trim-ta% sottlng, degrcos (does nat Inolude
boost angle)

...- -“------------ ----------.. . -.

w
.. .

Az

airplane weight, pounds

the algebraic sum of the components almn the a.lr-
plane %axls !!of tho airplane aooclera Ion and
the aooolera~lm due to gravity, in terms of %he
st~*d gravitational unit (32.2ft/sOc ). -
Pasltive when dlrcotod upward.

free-stream dynami.opressure, pouiidsper square foot

wing area, square feet

airplane lift coefflclc3nt (?M~/qs )

elevntor control force, pounds

propeller thrust coefflclcnt (T/PV%a)

angle of incidence of the hmizont~.1 tail as neasured
from tho fuselage reference line, dogrecs

distance from lca.c~il~ cd~e ~f mean acrodymmlo chord
tn test center-of-~&avlty
In feet

pltchlng-m~mont
gravity

pi.tchlng-mment
[CL(x-0.2%)]

corfflclent

cocffioicnt

locatlm, foOt per i~.k.S.

about the center af

about 0.29f!I!.A.Co

rate of ohange of pit~hlng-mment c~offiolent with

ficient c.nstant~%/b60 (tab zero, lift Coef-
elevator angle

rate of change of pitching-moment coofflclent wlt~ .
lift oocffloie t b~/~CL (tab zeros olcvator
angle constant7

rate of ohange of pitchihg-rmcont coefficient with
tail ‘ar10 of incidence b~/M.T (tab ~er~~ ~ft

fooofflo ent and elevator cnglc ocmstant)

elevator Mnge-monent coefficient



rate of change of elevato*rhlng+monent “coefficient
with elevator an le

f
dell/b8a (tab zero, lift

coefficient cons ant)

rate af chan&e af elevato~ k.inge+zment c~efflcient
h-ithlift coefficient a@bcL (tab zer~, elevatar
angle c~ilstant)

rate of change nf elevatar filnge-~maentcoefficient
with totnl ta’oa??gle

(
b% b8T (elevator angle md

lift coefficient cmstant

TESTS

.

I , ?~’’;=+lz:;c*tl~: ‘
I

i !
Glide ~ Up ~ Up ~Closed;ThrottledI‘et‘n 106

j ,hl@, --!, i
-----1-: ! !

~pitch !
I

I C111U31I Up ! Up !Closed1 36 ~ 2400 I 175”0 I 84 ‘

I !FuU ] I I I - :1
I -m down~DounlClosed~Throttled~ -- I2400

(380),
97 i1

I 1 I j
FullI i I I ~

Apprmch downiDown:closed: 20 ~ 2400 530 85 i
(380)1 I I

1J&cmenglne+erformnce chartforlo+blowergearratlo at 6,000fedt.
Placard Mmlk Indicatedairspeed- 350mlle8 pwr hourM th flaps~d

gearup,140milesperhourwithflapsandgeardown.

—— — .—. . . . .
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Althouglhthere were sqwll vaiatims in weight due to
‘“’-be.llAst‘&nid.to-fuel’omsumption; th-aaverage airplane grws

weight for all the tests was of the waler of 25,500 pounds
(the n~~al alrpme gross.wel~ht). This value “hasbeen used.
as standard far oomputatlnns. Three different oenter-of-
gravlty locations were used during the tests (approx. 0.240$
0.275, and 0.?2S H.A.C., flaps and gear up). Average test
values are n~%ed on the figures. The average pressure alti-
tude for t~e static-longi”budlnal-stabl~tyand turning-flight
tests was bOOO feet. “ .-

StS.tlc-ion@.tudinal-stabliltycharacteristics,- The
variation af elevator angle and.c~ntrol force with elevatm+
‘tabsetting Iaasneasured In steady straight unyawed flight
Rt varims cmstant j.n~lcated.alrs~oeds in t~legllde
landin~, aid approach c~nditloils. .l~teach alr~peed 4&nb’
pilat varied the tab setting t~ ~lve alnut flvc different
values Df ccmtrol force aver a filzablcran~eo Thes~ tests
were pei’farnedwklle tinecentcu af gravity was at tilree
?~fferent locatla:ls. @OSS plbts af elevatnr angle and
cmtrol fnrcc as functions af indicated airspeed webe
derived fcm various constant elevator trir.1-tabsettings.

?fAz
cL=—

qs

%.ims=“L(X - 0“29g)
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The elevator hinge-moment
for the glide, climb,,.landing,
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oharacterlstlcs were derived
and approach ”condittonsin the

f~rrnhf Eurvei of &jvator hl&e-mo&fit cgofficlent C!h as
~ functlon”of lli’t“COeffiCl,eiltC

\
for ccmstant elevator

an~l~s ~c (total elevator tab ang o af zero)e It waa n~t
posslblc, despite the oxtcnslvoness of the test data, ta usc a
tirect analytical mcth~d to dotcruine these elevator hlnge-
na~cnt.coctflclcnts for flight. Snail crrms In the neasure-
ncnt ~f a.bs~lutcvalues of clevatm-to.b “Qcttlngwere prescfit
fr.m flight to flight, althmgh the ncnsurcd changes in
elevdtor-ttib~cttiilCfor a @ven flight arc conslderc~.accuuntc
to +0.2°. Duc to the large tab cffcctivcncas, thcac small
crrnrs resulted in Inomslstont data whan an attonpt was findo
ta establish hinge-nmcnt charactcrlstica by a cllrcctsystcn
af cross-plotting. Zn nrdcr to e:f~ldthis difficulty, a cut-
m.d-try systcm waa cr~pl~ycd. Tho hlngc-m~cnt curves were
cstlnatcd ~andndjustcd to glvc clmrc.ctcrlsticswhich, wkcn
used in computatlms, resulted in the best agrccncnt with the
flight variations of control forco W~th Imiicatcd nirspccd.

tab angle) were dctcrmiilodmom the slope, o+cr ‘chcrange
of appr~xinatc llncarity, of curves nf clcvat~r control fnrcc
plo’itedagr.instcl,evatortri~-tr.bsotttng.

lTind-TtinnclTests

The pr~ccdurc for the wlncl-tunneltests was the mm as
that nutlincd in rcfcrcnce 1, but tho dc”.taproamt~d lzorein

I
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frem

E&u31wdatEt. -
thrust-cocffiolent
Cmlditl’ms f%r tho
table:

1

repeat tests whloh have not been r.cportcd
-, w, ,-..... .......— ~

The data wcro abtalned fmn constant-
polar tests as “describedIn reforenop.1.
repeat testp are shbwn In the following

I .I

r~hLFSand gc~ Up o, A7 o -0.04 to

0.6

~h?.pSand ~ealaUP -15, -22, -2G# a
-35

0 , 0 to 0.1
1

Fhps r~ldgO~ Up \ o 3975 I . 0
I -0.04 to

FL-.pe33’, gca dwn I 0, *7 ! o 1.2

Flnps 3&, gear dmm -1~, -20 0 -0.04 t9
0.3

,FIwa 3:’, gem dovn o 3@75 o
J +

Estlmc.tedflight Tc - CL rclntlonshlps far the vnriws power
condltims (glldo, climb, landlnE, and appraach) wcro used In
the dcrlvatlms af cross Pints far the various flight cmdi-
tinnso .Fr~mthese Oross plotsthe Trti&tunnOlmt~ Of pi.t(llhhg-
nnmcnt cacffIclcnt ~ and olcvctm hinge-mment cacfficlont
~ wore nbtaincd as a functim of lift cmofficlont CL. All
data woro onrrcctcd for wind-tunnel-wo.11offcots and support-
strut interference.

iicthodsfor =odl.ctlng Stabillty . “
and Control Clwrnotorlstlcs ,

The vmiatlon nf olevatm cnglc and oontrol force with
I,ndlcatedairspeed f~r stohdy straight unyawod l’lightand the
variations af AFe/AAz ~d A8c/Mz In turning flight with
Indicated nlrspcod were computod by tho..nethodeoutllaed In

.

-—
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rei’e~mce 3S The elevator-tab effeotlveness used in the oom-
put~.tionawas estimated frnm reference 4-,as the nodel was n~t
equl~ped with tabs, In all ~f the computations the airplane
moss weight (26,500lb),-center-of-gravity locations (noted
On figs.), elevator mass unbalance, nechanlcal advantage of
the control system} and bmst-tab ratio as neasured on the air-
plane ~rereused.

The varle.tlcmaf elekatcn?angle &tL control force with
cantaot airspeed In L~ndlngs was ~anputed by the nethods ~f
reference 3. The gmunri effeots used in the computation of
tileelevator an~le and control foroe in landings were deter-
air,edby two methqdso Tests were-made with a ground board in
the tum.cl, and the effects of ti~ic~%ound m the upwaek angle
at the wing and dcnmmash at the tail were als”ooomputed from
refereilcc5.

RESUL”S AND DISCUSSION

Static-L’x@tudinal-Stability Oharactcrlstlcs

The results for the varlmM flight cmditlans are dis-
cussed first as to the do ee of c~rrel&tl~il (as indicated by
mmves af the flight typeY between flight--testand vind-tunnel
prediotlm. Che rcasms fm the agrccacnt ~r dlsa[~eoaent wc
then cxplalnod by refercmoe to tho data In c~cfflclent f~rm.
Fcm this analjjsis,oxaninatl’m of the static-1ongitudinr.1-
stnbll.ityoquatlans Indioatcs th~.tthe dlff%rences btitwocntho
fllght-test and predicted varlatlms ~f elevator angle with
Indtcatcd alrspeod can bo asorlbed t.athe following factors:

1. A%(ICLdiff’crenccsIn ~fl”
UL

2.
.

A~6 difforcncos in &~

The stick-freo stability chc.ractoristicsin stc&y fllght
cm bc shcwrnby curves of @- plotted ngainst CL. Tho
f~llwing cquntim ccn bc written frmz thcso curves: .

d~/dCL = %CL + %5 (d~e/d-CL) .

Tho stick-fmo stability, as measured by tho vnriatim of
clovo.tarstick forco with Indicated airspeed, is a functlm
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Of dCh/dC “
v

and henc”edifferences between the fli”@t-tost
. and predic ed”var.tatlonM, ~levator oontrol.-forqewith .

Indicated airspeed can .beascribed ta the following faot% :

.1. A(d8e”/d~L) dlfferenoes In “stick-fixedstabl~t~,. aE!
measured by ue/dCL

. . . . .

2. Ach
dl

differences”In ~n~●. . The effebt Is large~t when
g dCL 1“slarge (forwardo.g..locatlm).

. .

39 ~%L difference~ in ChCL . .

The values ~f Ch5 should Include the ba3.&icingeffeot of “
the tab. Eweverj for this airple.nethe wind-tunnel valuea “

,. @ ch~) either far tab neutrcl or with %oost tab Included,
are in all cases greater than tti.~semeasured In flight. Far
C9nVenieilcethe tab-neutral values af ch~ are used in the
C1.isc-i..lasilnl

8
since the qualitative emdltizm is tk.esame fcm

either cm .Itlon. The’value of tab effeotlveness ch~~ Is
presented In figure 11. It sh~uld be noted thot the c~ntrol
force per unit gf M.nge-mmnept coefficient IS a direct functlm
of tlynanlcpressure, and hence a @.ven change In h$nge-nment
coefficient can have a negligible effect m oantral farce at
~ow airspeeds but a large effeot at high alrspeeds~

Gllde condition (figs. 12, 13, and l~).- ~~thtb.e
fllgh=est and predicted vnriatlm ~f elevat~r angle vith
Indlce.tedalrqpeod (fig. 12) shm stick-fixed stablllty over
the speed range-f~r all test ocnter-of-gravity l~cations.
Compared to tho flight-test stability, the predloted stability
is slightly low in the low-speed ran~e and slightly high in
the high-speed range. FQure 13 indlce:tesgmd agreement af
values of ~ ,, and dnalysls shows that the small dl~ferenbes

?In stability as measured by .d&e/dCL) arc duo prime.rllyto
the onrrespondlng differences In bCLO . .

The stick-free stablllty (fig. 12) IS positive In all “
c.a.scs.Ih the low-speed range with the oenter of ‘gravityat
0.240 and 0.274 iJ:A.C.# the predicted curves show greater
stability (as noasured by ~-e/dYi) t)= flight. The prcdlo- “
tlcms give less stability than fll~t In the low-speed ran~e
with thq contor of gravity at 0,S2J i.i.A.C.,end “Inthe “hlgh-
apcod ranga for all test oentor-~f-gm’,vitylo~atlons. Flgurc 14
ln~catos that the wind-tunnel valuc~ of %8 arc more
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lbwev er, the A(d8e/dCL) effect causes the wind-tunnel pre-
dictions to be mre stable”. A&we the trim speeds the A%~
and A(d6e/dCL).effects are negll.@ble, but A%cL haa a
destablld.z.lnge~feot.

Land3.n~oondltlcm .(figs.16, 19, and 20).- The varlat3.on
of elevator s.nglewith dr~peed (fig. 18) indloates large
stick-fixed stability”In all o~.ses, The predicted stability
&grees w611 w~th fli :ht in the upyer end af the test-speed

!range .(abnut1443nph , but Is Zess than In i’llgktin the low=
s-peedrange. Figure 19 shins that both Cn~ ~d ~CL
are nme positive for the wind-tunnel tests at the lower
ll~t cat5fflclents. These two effects tend to cancel, and
thus the a~~eenent v~lthfllght Is Eacd. At the hl~her lift
c~efflolents, C&. 13 much nwe negative f’3i-flight, while
cn~ values are ab%t the smc, and ken~e the predicted
~tabillty is taa great. “

Apprn~clic~ndltlcm (fl~s. 22, 25, and 24)s- Stick-fixed
stability is InLi.catcdky all tkc olovatm-angle mrvo8 @’
figure 22, and tho ag~oeaont botuocn wind.tunnel and fli@lt
tCSt~ 16 g~~d. .iltl~mgh.thorc”aro lrrcgu~rltlcs at large
lift cocfflolonts, in gcnoral the vnlucs of both CmCL
and Cm5” ncasurcmdin the ~~i.ildtuiinclaro mro positlvo thnn
f~r fliplt (fis.23). The tent.cilcy~f thcso.offoots to

..— .-— — .—-—
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balsmc each other leads to good agreonent in tho resultant
values of d8e/dCL.

The contr~l-force curves of figure 22 show stick-free
steblllty In all cases except at low sgceds with the oonter
@ ~avlty at 0.314 L.A.C., &md the agrcencnt bctl?eonprc-
dictcd and fli~t data is very gmd. T~is agreement IS due to
the fact t-hat,although there aro differences In %CL, %~J

and. d6c/dc~ (figs.24 and 22), the differences arc mall and
tim effects tend to cancels

Dlffcrcnccs In Inllgitumml-ste.bility derivatives,-
Durln~l.c tests and yreparatlon of hc data prcsc~, it
bcoamc apparent that num~rous factors would n-~e ccmrehtion
difficult for this alrplanc. Unilosirablecharactcrlstlcs nf
tho a~rplaiic,such as the goncrally large elevator and rudder
ccnltrolf5rcc3s,~fl c~ntr~l fr~ctl~nl ~de It h~md to abtaln
accurate end cmslstcnt data in fll~lts Physical differences
bctveen the airplcne and the n~dci, ncccssary because nf the
SI.]C1lmodel scale, Included tlm mission of tabs frm the
cmtrol surfaces and sii~t differences In the elcvatnr flap,
These factars, conbined with the p~sslble errors due to cmtrol
frictl~n, lar~o nass unbelance, tandchanges h tab cffcotlvo-
ncsc, made accurate predictions af olcvr.tnrc’mtrol f’orcos
Ospccinlly difficult. Tho fllght Tc - CL relationships far
the Variwls power ce,ndltlonscould mly be approximated frm
nzunlfoldpressures and cnglnc speed C.Sthe ~lrplanc was not
eq~~pped with thmstnctors or t~rqueneter~, and, due to the
lccrgeeffect of pov:cron tho stability characteristics of the
airplane, this led to dlscropanclcs bctwccn predicted and
flight-test results.

F~r all cmditlms, the differences In stick-flxcd .
stabliity as ncasured by “d6e/dCL. ~o ~uc chiefly to
differences In ‘l~c~ at large lift eacfficlents. Fm th,o
clinb cmditlnn (fl~. 16), tho nmo nc~o.tivo ‘CL for tile
wind tunnel Is prabably due to a locc.1stall ovor the nadol
wing rent. This causes a decrease in do:rnwashwer the tail
mld a resultant increase In stability. It iS posslblc that
far the glide, la~ding, ~.ndapi~~~.chcmditims the thrust
c~cff’lclontsUScd in tho prcdictians arc higher than thoso
nctucc.llypresent in flight. Thcso diffcrcnccs, which .WC due
prinarlly t~ the orrars in c@cuL=tians ~f flight thrust coef-
ficients at low manifold prossurcs C@ 2W airspeeds, my
result In nnrc posltivc predicted valuos”ef %CL at large

.

. I
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llft coefficients as measured in the wind tunnel. The effect
,. -1s espeolally evident for-the Mndi.ng..comditi?n(f3.g-19), .

for which calculations based on m~del~ropeller data and
fllp>t-propeller speed Indicated negative flight thrust coef-
ficients (apprnx. Tc = -0,04-). The dlfferenoes in stiok-
.free stability, as.indicated by the vuiation of control
fmce with airspeed, da not @pear to be controlled by any
one factor. .The summation ~f the effects Of A(d6e/dcL)j
‘~@ and ACh8 depends on the cmdition, airspeed range,
and center-pf-gravity location, and in general the effeots
tend to cancel. The ~nly situation In which Ad8e/dCL ~~s
a large effect Is at low speeds in the cl.lmbcondition, where,
as explained prevl~usly, the uore stable dSe/dCL for the
predictions .isdue to more ne~atlve ~CL values. The
dlf’ferincesin ‘CL as measured In the wind tunnel and as
estimated from flip$t are not canslstent for all conditions,
and are pr~bably within the accr.racleswhich can be obta:~d
with th-ctest and calculation ncthads which were used.
previously mentioned inabilAty to uatch perfcctl.ythe power
cmdltlons no doubt leads to sorm error in %CL aS, f~r
example, in t-nclanding ccmdlti’m (fig. 20). The values of
Oha measured in the wlniltunnel wcro greater In all cases
than th~sc estinatcd frcm the flight data, althm@ fm d5M-
elovatar zunglestho discropancics uc snail. 7Attlc change
In either Cms ar C@ IS shwrn betweenup- and down-eli?wtor
angles for the flight tests, whllc the wind-tunnel tests ~how
EWCh mare ncgatlvc values of cn~ and ~s in all cases.
The uajor partlnn af this change Is believed ta be due ta the
tllffcrcncobctwccn the mcdcl and the airplano elevator flaps.
Air flnw th~mgh the modol clovo.tor-flapgap pr~bably caused
some af the incrcaso In the .clcvatorcffoctlvoncss and changed
tho pressure distribution so tho.ttho bingo monents wore
Incrcasod.

. .

Zlcvatar Contr91 In Turning F’li@t

Tho olovatm-o.nglo gradiontsln figuro 25 show good
agreonont bctwoon flight and prcdictlnns. The cmtrol-farce
gradients, which In all cases arc excessive, arc ti fair
agmcmont except Xor the forwo,rd.(0*2~ i;.A.C.)ocntcr-af-
gravl%y locntion.

It Is n~t possible, duc to the greater number of
v~lablcs Invalvcd, to c.rml.yzcthis turning-fllght dntn from
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a c~effld.ent standpoint In the detailed manner used for the .
static-lon@tudlnal-stablllty discussion, Satisfactory .
correlation In elevator-gle gradientg:wmld be expected,
as the Cm- CL relationships Indioate good agreement In the
gllde cnndltion (fig. 13) and In’the ollmb condition at tho
lower ~ft coefficients (fig. 16). it appears that the allow-
ances made for the curvature of the fltght path, changes In
the Tc - CL rel.atlonohlps,and cn~m wore suffloiently
accurate to pernlt satisfactory predl~tlonsm The many faotors
and stability derivatives which affcot the cmtml-fmcc
gradients am such that fair agrceucnt results fr~m the pre-
dlctlcms. Host of the Increase cwcr the fllght values of the
prcdloted control-f~roe graiilentwith center of gravity at
0.2~ :~.A.C.may be attributed to tho large negative Ch& for
tllctilld-twel tests with u~elevator angles.

Zlwatcm Control in Landing

Althaugh the agreement In absnlutc values of elevator
angle is erratic the data presented in figure 26 for both the
flight and wl.nd-%unneltests ind3cate that sufficient elevator
control is available i’orlow-speed landings over the ccntcr-of’-
gravlty range, but that tho corrospwd.lng clevatcm control
forces are cxcesslvc.

!iost of the flight-test landing appr~aohos were made with
power cm and the tlunttlcs were cut back j:rlorto grmnd
contact. Xamlnatlcm ~f the instrument reowds showed that In
the test landings with the ccntcr of gravity at 0.316 ;l.A.C.
(fig. 26(b) ) the ongincs wore thmttlcd cmpmmtively carly in
the approach so that the power conditions at contact were very
slnilar to those used in the landing-oondltlon stability test
at altitude, In mny of the lnndlngs with the ccntor of gravity
at 0.224 li.A.C.(fig.”26(a)), however, tho engines were thr~ttlcd
anly several soc~nds bcfnro contact, and tho power conditions
at contact were thus soncwhnt varlablc.

The rcd.lctcdvalues of elevator angle prcscntcd in
3flguro 2 arc greater thcm.for fli@to Both methods (zmdel

tested Ih the prcscncc of a ground board and computed grmnd -
effect) used In the p~cdicti~ns g~vc sini~ vnlucso The
fli@t curves”shnw llttlc change for the forward ccntcr-of-

T
avity location bctwccn the vr.lucs~btaincd at 6,OOO feet
fig. l~(a)) end th~sc ~btnincd during lc.ndlng(fZg. 26(d). “
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The reasons for the small ground effeots In fllght.are not
apparent. The dynmlc faotors”In the fl.lghttests were
snall”and inc5iislst6n~.”’Tt’Is”’hbtbellevbilthat they would
acc~unt for the smaller ground effeot experienced In fll@lt
as compared with that obtained In the wind tunnel.
Dlf.flcultywas encoqnter.edIn uaklng the landings due to
high oontrol $oroes, and consequently the landing teohnlqUe
varied somewhat from flight to fllght~ Stalling of th~ tab
“atthe large dom-tab and up-ele’ya.torangles may result In
some reductlm In the up-elevator angle required.

The ”oorrel.atlonbetween predloted and fll t values”
rof elevator control foroe for landlngs (figs 2 ) is very good

with re~pect both to the slopes W the curves an~ to the
absolute values of fome. For tinepurpose”~f oonparlmn,
the tab setting used in the predlotlcms was that which gave
zqro oontrol force at tliesaue c’mtaot speed as for the
flight tests. As was the general case for the cmtrol farces
in the stability tests, the dlffeucnces in the varlms factors
(Includlng ground cffect) which Iilflucnce the control fmce a
tended to balanoe each ~thor and this resulted in satls-
fact~ry cmrelatlon. The lar~er pu.ilforces indicated In
figure 18 far the stabillty flight tests at altitude with the
forward center-of-bwavity looetim apparently were compen-
sated by the greater predlotcd up-olevat~r angles requlrod
In landing.

Based on tho data prosentcd In this report, the follow-
ing conclusims can bo drawn with roga.rdt~ the o~rrelatlon
of the Iongltudlnal-stabllltyand -control charaotorlstios of
a twin-onglno patrol sirplane as measured in flight and as
predlotcd frcm wind-tunnel tcsts~

la The wind-tunnel prodlctlona Indicated critical
unsattsfaotory lmgltudlnal-stablllty and -onntrol cmraotcr-
Istlcs, tho Host serious of which were the largo olcvatm
control foroos In manouvcrlng flight and in landlngse

2, Tho ohlcf rcasms for
Istios and posslblo methods ~f
from tho Wind-tunnel data.

tho unsatlsfaotory charactcr-
luprovoncnt can be doduocd

— .-
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3. Careful simulation of the actual airplane, with
regard both to the mdel (especially the contr~l surfaces)
and to the contro~-system characteristics (mass unbalance,
“boost-tabTatLo, mechanical advantage, etc.) used in the
cnrnputatlons,is necessary for satlsfaclnry predlctlms.

Q. Aocurate Infwmatlon an the flight cmdltlons end
Operating techniques must be available for tb.epredlctions~
The power ccmditions were especially critical on this air-
I>lane,due to the large effects ~f p~wer on Langltudinal
stability.

5. The aero~vnanic longlttldinal-stabilityderivatives
as estimated froa flight-test data and as neasured in the
wind tunnel were, in general, in go?d agreement. The d3.ffer-
ences were partially due to physical dissiull.aritles”between
the mdel and al~lme and t~ Ifiperfeotmatching of power
conditions.

AriesAeronautical Laboratory
i~ationalAdvisory Comnit~ee fm Aermautlcs,

ii~ffettField, CalIf.

— —.—. —— — _ ___ ---- _ —..- (
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TABLE 1.- GENERAL CHARACTERISTICS@F THE AIRPLANE

Ncmml gross weight . . . . . . . . . . .

Center-of-gral-lty looations

Xormal.(gear up). ,.m . . . . . . .

Kormal (gear dmm). . . . . . . , . . .

Most forward allowable (gcsw d~wn). . .

Most rearward allowtiblc(gear up) . . .

iiaxlmm allo~mble maneuvering load feetor

(for nmnal gross weight) . . , . . . .

C9ntrnl-wheel dlamoter. . . . . . . . . .

Engines. . . . . . . . . . . .. -O..

● 9.

#

● m

● ✌ 26,500 lb

o.29t! i{.A.C.

89*9* 3.1

● ,* 14 in ●

8 *9..* 2

Ixtke. . .. o..... SO* Pratt and :lhltneyR-2SO0-31

Prapeller-gear ratio. . . . . . . . . . . . . . . . 16:9

Propchors

iMke. . . . . . . . .,. .. Hmllt~n
speed,

Stcndard,
blade no.

crestcnt
6477A-12

Diameter. . . . . . . . ... . . . . . . ..s .10.50 ft

Number of blades..... . . . . . . . ...=. t&ee

Low-pitch bladostT. . . .~.-.....-.o~. ●26°

High-pitch blc.dost~p . . . . . ●“. . . . . ● . . ● ● eg”

!

I
I
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Iten ~flng Horizontal toll
h- ft)

+

’576 133.96

Span I 65.5 25.F!6

Aspect ratio I 7979 5.00
, ~~per~~tig I a3.42;l i ----------..

~Inclderice(withrespect t~ ~ I
no

fuselage reference llnc) 1 c 00

, Root sectim I IiAci2301$ ?*?ACA0013
r
Tlp scctim :TACA23009 , HACA 00C9

i ~~nlle ;T~lie! ‘wlst (gconetrlc)1-
,Ii.A.c. (ft) I z 10.27 ----------

1 I 4

!Root cb.ord I
I a 13.78 : ---------- I
[

~Iilcludcs trnlllng-edge cxtenslon.
Exclusive ~f traillng-cdgo cxtcnslon.

alieasurcdon top of main bcam~
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TABIE III.- ELZWATOR AFD FLAP SUF12XZ
DIHZNSIONS OF THE AIRPIANE

22

gicvator
Iteu 1up

! Flaps .
Down ‘(Fowler)

Area aft of hinge
I.lne(sq ft) 40.1 35.1 52.3

Average chord aft
nf hlngc line (ft) 1.97 1.97 3-33

At hin~e llnospan (ft) At hinge llne
20,21 17,90 15.72

I
Snl.ante,typo Boo~t tab ! Boost tab -———

-%—lance area (Sq ft) 593 i 5.3 .--—-—

Percent bc.lccnce 13 ! 15 -—---—

C5ntrol trnvcl (deg) & ;;Tnl ~ q2° UP ~3@ down
1 ~g~ d~~~
I

Trln-tab oxca (sq ft) 2.015 2.015 -----.—
1

Tab span (ft) 1,25 : %.25 ------—

~~ost rntlo A-i -0.36 nplmx. i-0,36 aplmox. —----—
,
‘L tail flap between scctlms ~f clcvntor operatos for up
olovntor only,

——



(a.)Frontviuu,f18psretracted.

Figure1,- The81rp18nem indrumented for flighttests-



z

(b) Rearview, flaps defleoted.

Figure1.- Comluded.Theairplaneasinstrumentedforflighttests.
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Figure2. - Threoduudraw oftheti~n-en@~epatrolairplane.
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(a) Viewlooking outbcard.

.’

(b) Front view,

figure 30- Ou!terwing panel with de-icer boots removed-

— —— .-._ .. .. ..._ . . — — 1
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Figure 4*- Dotailo of wing tipwithde-ioerbootsremoved.
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Figure 6.- Detailsof’tailflap.
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(a) Wontview, flaps retracted.

(b) Rearview, flaps down.

Figure 10.- Tlm l/9-soalamodel of the airplane mounted in the
7- bylo-footwindtunnel.
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